There is no doubt that nurture strongly reinforced nature in moulding both the character and the intellect of Alastair Graham. He became a zoologist more out of consideration for his parents than out of choice, but his innate ability made him outstanding in this, as it might well have done in any other sphere that he could have turned to. If he had the analytical mind of a good scientist he also had the soul of an artist, and he combined these in his contribution to zoology.
name of the bryophyte Rhynia). They had a family of five, but only Nellie (born in 1872) was to have children. She taught in a school in the mining village, Longniddry, near Edinburgh. The hardships endured by the community left a lasting impression on her, and she described how some children were sewn into their semmits (vests) for the winter. She could never tolerate waste of any kind, and this attitude was to be passed on to her son.
Nevertheless, the protective instinct was strong, and when James had a serious accident on his bike he debarred Alastair from riding one. He encouraged his son's artistic streak and powers of observation. Alastair vividly recalled being held in his father's arms, as a three-year-old, to gaze in wonder at Halley's comet, an experience that aroused in him an abiding interest in the wider Universe. Maps, too, held a fascination for him, the detail of which he could hold in his prodigious memory, an asset when in later years he walked alone.
THE MAKING OF THE ZOOLOGIST: EDINBURGH
After some deliberation Alastair settled on medicine as his choice of career, but his father wanted him to have a well-rounded education and urged him to take an arts degree first. He duly enrolled at Edinburgh University in 1924 with a combination of arts and science courses to give him the necessary foundation for medicine. His father insisted that he join the students' union in the hope that this would help to break down his shyness, but he never crossed the threshold, and he flatly refused to join the OTC. He did, however, take piano lessons with J. Petrie Dunn, having taught himself to play the piano, for which he had a passion, from his sister's books. He regularly attended concerts at the Usher Hall. His other leisure pursuits continued to be walking and reading widely.
In his first year Alastair won the philosophy prize for a course normally restricted to second years, and he collected another four medals in mathematics, botany and zoology by the time he was awarded his MA in 1927. By this time his sister was to join him at the university, and he began to realize what a financial burden a medical course would be for his parents, even with a Carnegie scholarship. He therefore plucked up the courage to ask Professor J.H. Ashworth, F.R.S., to accept him for an honours course in zoology, and the request was granted. Alastair was awarded the Vans Dunlop Scholarship in Natural History and Zoology and added another medal in 1928. In 1929 he gained a BSc with first-class honours, with the unusually high mark, for a biological subject in written papers, of 90%.
Ashworth's precise efficiency had an impact on Alastair, but by far the greater influence was the softer character of J. Stephenson. His sensitive approach encouraged Alastair to develop interpretative skills, particularly in constructing three-dimensional images (from serial sections of oligochaetes), which were to be central to Alastair's later work on gastropods. The first of many visits to the Plymouth Marine Biological Laboratory was on an Easter vacation course run by J.H. Orton (F.R.S. 1948), in 1928, which heightened his interest in marine invertebrates.
Although Alastair was trained in the traditional mould of descriptive zoology, this did not satisfy his fertile imagination. He readily embraced the functional approach coming to the fore at that time, evident in Orton's work such as that on Crepidula (Orton 1912) , and particularly in the papers of C.M. (later Sir Maurice) Yonge (F.R.S. 1946) (Yonge 1923 (Yonge , 1925a (Yonge , b, 1926 . Alastair himself later (5)* attributed the change in the attitude of zoologists to the study of molluscs to these two men. Yonge, also a protégé of Ashworth's, had received some training in digestive biochemistry from Lancelot Hogben (F.R.S. 1936), some years earlier, the results of which were manifest in these papers. They influenced Alastair's approach when he embarked on a project on the morphology, feeding mechanisms and digestion of the razor shell, Ensis. In this and all his later studies he set out to explain how the subjects of his investigations work, and how their structure limits and defines the ways in which they function and adapts them to their habitat and mode of life.
THE LAUNCHING OF A CAREER: SHEFFIELD
The Ensis project took Alastair to Plymouth again in September 1929, and on his return to Edinburgh Ashworth greeted him with the news that a vacancy for a lectureship had unexpectedly arisen in the small Zoology Department, headed by H. Graham Cannon (F.R.S. 1935), in Sheffield. With Ashworth's blessing he set off for an interview, and was appointed to the post. Ashworth, then realizing that Alastair's and Maurice's careers were to run in parallel and might clash, urged Alastair to change his research interests (which had considerable impact on him, as he told one of us (E.B.A.) many times). This triggered his later preoccupation with prosobranch gastropods (whereas Maurice's was with bivalves).
Alastair left Edinburgh at the outset of his career in the autumn of 1929 with a letter of introduction from the minister of his kirk and the Sheffield address of the dentist son of a friend of his father. He could hardly believe his good fortune, as he had wondered how he would fare at an interview. Now he had the chance to prove his worth on ability rather than 'gift of the gab'. Curiously, his elation was marred by a strange sense of foreboding. He intuitively felt that hard times lay ahead; perhaps he would lose his health.
Graham's initiation into teaching was in demonstrating to the intermediate class and the 40 or so dental and medical students, but his lecturing was restricted to second-year and thirdyear students, because the head of department maintained the tradition (later adhered to by Graham himself) of giving all the first-year lectures. It was a relief when the ebullient Cannon described him as 'a born teacher'. Lost in enthusiasm for his subject his dynamism was infectious and his shyness fell away, only to return when classes finished.
He threw himself into his research with gusto, and did not immediately forsake bivalves. On his next visit to Plymouth he pursued his interest in the biochemistry of digestion by examining the optimal conditions for the activity of the diastase in the crystalline style (a rotating rod of mucoprotein with adsorbed enzymes) in the stomach of the scallop, Pecten, relating experimental conditions as far as possible to those in the animal's natural habitat. This had not been addressed in experimental design until the work of A. Compton, and later that of N.J. Berrill (F.R.S. 1952). Like these workers, Graham believed that this approach was essential if experimental results were to be meaningful. His obsession with gastropods began with the limpet, Patella, which had hitherto received surprisingly little attention for so common an animal. Not only did he examine the feeding mechanism and conduct experiments on the activity of its digestive enzymes and absorption of nutrients, but he also described the anatomy and histology of the gut, applying a range of fixatives to reveal cellular detail lost in routine microanatomical fixatives (figure 2). This work laid the foundations for the central theme of Graham's subsequent research: the structure and function of the gut of gastropods, which he soon recognized was the most significant factor, after torsion (the twisting of the visceral hump on the head-foot), in understanding the explosive adaptive radiation of the class. In marked contrast to bivalves and cephalopods, gastropods developed catholic tastes and diverse ways of obtaining their food, nearly always depending on the radula and its operating mechanism, the odontophore, for feeding. The vast array of adaptations captured his imagination and he set about analysing the complexities to reveal the underlying basic organization of the gut and explain how the many variations might have evolved.
In the little spare time he had at weekends, Graham often took long solitary walks into the Peak District, mulling over his ideas. By the summer of 1931 Cannon departed for Manchester and the new head of department, L.E.S. Eastham, came to Sheffield early in 1932. Eastham, although sympathetic to Graham's shyness, warned him that if he could not come out of his shell it would inevitably have an adverse effect on his career, but Graham remained ill at ease in company. Nevertheless, field courses are renowned for breaking down barriers, and a week of marine biology at Robin Hood's Bay was to change the tenor of his life forever. One of the final year students on the field course was Gwynneth Hayes, a year his junior, the daughter of a mining engineer from nearby Killamarsh. By all accounts she was then a vivacious extrovert who would engage anyone in conversation. The relaxed atmosphere gave her the opportunity to erode Graham's reserve, especially marked with the opposite sex-which was something of a mystery to him. He married Gwynneth, whom he was later to describe as his opposite in every way, only a few months later on 16 July 1932. He was her foil and she was his shield. Professor Norman Millott recalled that their temperamental differences were striking on the field course he attended as a student the following year-'a rumbustious affair'-in which Gwynneth joined wholeheartedly when work was done, but Graham withdrew into the shadows.
In the autumn of 1933 there was to be an almost carbon copy of the situation that had brought Graham to Sheffield when a surprise vacancy arose for the Readership at Birkbeck College, London. Yet again he could not believe his luck in getting the job, but the old foreboding returned, now with substance. He discovered as soon as they were married that Gwynneth showed some difficulty in walking, and there was an inherent clumsiness in her movements. Multiple sclerosis was diagnosed many years later.
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Biographical Memoirs The couple moved to Stanmore, then to Barnet when Graham joined the commuter brigade into London. Evening classes are peculiar to Birkbeck, with its students in daytime employment, leaving little time for home life. He left home soon after 9.00 a.m. and returned as the church clock struck 11.00 p.m., so Gwynneth did some teaching in a local school until the elder of their two sons was born in 1937. He settled in happily at Birkbeck. The head of department, H.G. Jackson, was a fellow music lover with a kindly sense of humour, and Graham respected the quality, determination and mature attitude of the students. Many were older than he was, and had specialist skills. He relaxed and his own dry humour emerged. In the final year class he encountered Vera Fretter, a young schoolteacher with a lively dominant personality, burning enthusiasm for her subject and no mean artistic talent. After gaining first-class honours in 1934 she pursued a research project on the gut of chitons, supervised by Graham, whose teaching and intellect inspired her. In 1936 she was appointed to re-establish the teaching of zoology at Royal Holloway College while remaining a part-time demonstrator at Birkbeck. Graham produced many other brilliant students at Birkbeck. They included B.B. Boycott (F.R.S. 1971), J.E. Morton (another postgraduate student of his), J.E. Webb, Anita Mandl and Nadia Waloff. Another, Ellena MacLacklin, a double First in botany and zoology, inspired one of us (J.A.A.) to take a career in zoology.
Before departing from bivalves as the primary subjects of his research, Graham finished a line of work started some years earlier, prompted by his studies on Ensis, which had led him to examine the adaptations of other bivalves to living deep in sand or mud. Most, but not all, of these species belonged to the deposit-feeding Tellinacea, which maintain their connection with the surface through long siphons, controlled in part by a 'cruciform muscle' and its associated sense organ. Graham had established that some members of the Solenidae (to which Ensis belongs), not then classified as tellinaceans, also possessed such a muscle, and he was struck by the improbability that such a complex structure could have arisen by convergence. He resolved the apparent anomaly in a comparative survey, in which he concluded that these genera should indeed be transferred to the Tellinacea. This led him to investigate the homologies of the gills and their ciliary-feeding mechanism in the group (later surveyed throughout the class by Dr Daphne Atkins). In an example of lateral thinking, Graham then turned his attention to ciliary-feeding prosobranchs, and identified in the mantle cavity and gut of these style-bearing snails a series of adaptations to this method of feeding that paralleled those of bivalves.
Whereas the gut of prosobranchs and pulmonates was attracting considerable interest at the time, that of aeolid sea slugs had been neglected, and Graham next set out to rectify that. Aeolids graze on sea anemones or hydroid coelenterates, the unexploded nematocysts ('stinging capsules') of which they store in cerata (projections from the dorsal body wall) and use for their own defence. They were a stark contrast to ciliary feeders in terms of adaptation. In an extensive review of the structure, histochemistry and physiology of the gut in the group, he paid particular attention to the cerata, for which he proposed a possible mode of evolution. Fascinated by the multiplicity of adaptations in gastropods to diverse types of food, he continued his explorations, early in 1940, with a study of another, markedly different group of carnivores: stenoglossan (neogastropod) prosobranchs. He revealed the homologies of the highly specialized fore-gut and associated glands of the carrion-feeding whelks, and dog-whelks, which bore the shells of their prey (mussels and barnacles). Both gain access to their food with a highly extensible proboscis. Graham discussed the evolutionary origins of the peculiarities of their fore-gut, but his curiosity about their embryology was not satisfied for many years, until at his suggestion to E.B.A. it became the subject of a PhD project supervised jointly by her and Dr J.D. Taylor of the Natural History Museum. It was to be virtually his last opportunity for research until after World War II, and there was a gap of six years before his next publication.
On the declaration of war in September 1939, Birkbeck, unlike other London colleges, could not be evacuated to other campuses in the event of German bombardment of the capital. The decision was taken to close the college and the staff were advised to seek employment elsewhere, but the authorities relented and the college remained open. Professor Jackson wrote to Dr Fretter at Royal Holloway on 8 October: 'Things go well here. Alastair is a tower of strength, as usual.' This sentiment has been echoed by many others in different contexts, and is testimony to his courage in coping with adversity.
All went smoothly enough through the Battle of Britain, until the night of 7 September 1940. The blitz had started. Birkbeck, then located in the City, and close to rail terminals, was highly vulnerable. On the night of 25 September six incendiary bombs fell on Breams Buildings, and the Zoology Department was gutted (Warmington 1954) . Graham was on fire watch and was one of the first to pitch in to the shambles. Later he was seen with Dr Fretter salvaging animals' skeletons over a gaping hole in the floor where one wrong step would have carried them into an abyss. Weeks of salvage work followed and Royal Holloway became a sanctuary for the rescued material. By the end of October, and with the help of Dr Fretter (who was now officially at Royal Holloway full time), weekend replaced evening classes. Graham reciprocated by teaching at Holloway during the week. They ferried teaching material between the two colleges in rucksacks. In 1943 he became the head of department, and a year later was awarded a DSc (University of London). However, on 19 July Birkbeck was severely damaged by a flying bomb and the Zoology Department was gutted for a second time. Graham was on duty and, again risking life and limb, he clambered among the wreckage trying to stem a flood and extinguish a phosphorus fire. Miraculously, by early October teaching was restarted, partly in vacant accommodation in the Zoology Department of University College London. Dr Mandl, then a first-year student, remembers the bitter cold there, and recalls the difficulty of dissecting while wearing mittens. It was all the more credit to staff and students that, against such overwhelming odds, the only first-class degrees in zoology in London in 1946, and five out of eight in 1947, went to Birkbeck students. They were also the only students to have remained in London throughout the war. Always modest, Graham attributed this to the outstanding quality of the students.
Graham was greatly respected and appreciated by his students. Dr Mandl described him as 'a meticulous and rather strict supervisor'-but also very kind. Another former student, Mrs E.G. Healey, recalled that Graham's lectures were always meticulously presented (without notes), and remarked, 'He made the work thoroughly interesting-never straight from the textbook, often enlivened by his dry sense of humour. The department was such a stimulating place to work in. There was clockwork precision but a happy atmosphere.' Professor J.E. Morton comments:
In teaching as well as in research he deserves to be remembered as an inspirer of much that was new. He was an outstanding and notable teacher, but with no conscious dramatic sense; his diagrams, quickly drawn on the board, were beautiful but never needlessly elaborate. He gave a clear view of the whole kingdom of Zoology; his ideas and personal perspective were presented in an integrated way. Beside these skills there was no one in the department who could truly compare. The mid-century was a time of wise generalists, and his expository skill ranked with that of C.F. Pantin, J.E. Smith, D.M.S. Watson, G.P. Wells and J.Z. Young (all F.R.S.).
At the end of the war in 1945, Dr Fretter returned to Birkbeck full time. This was to mark the beginning of her collaboration with Graham in research, first on the biology of the bluerayed limpet living on Laminaria, Patina pellucida (now Helcion pellucidum), when they established that pellucida and leavis are ecotypes of one, not two, separate species, as previously thought. It was followed by a study of the minute pyramidellids, in which they described the specialized suctorial feeding mechanism of these ectoparasites of sedentary polychaetes and other molluscs, and proposed reclassification of the group as opisthobranchs. Their next subject, the burrowing carnivorous tectibranch Actaeon, as one of the most primitive opisthobranchs, was an appropriate sequel, enabling them to consolidate their views on evolutionary relationships of prosobranchs and opisthobranchs. It was also a further example of the plasticity of gastropod organization in displaying yet another set of adaptations of the gut to carnivory. Graham continued to work independently on a seminal review of the molluscan stomach (3), in which he unravelled its complexities and analysed the homologies of its parts in representatives of all the major classes of molluscs. He then formulated a basic plan of the stomach that made it possible to follow evolutionary trends. The meaning of such intricacies would have remained obscure with a less rigorous approach to dissection and a less discerning eye. His ability to visualize in three dimensions was indeed an asset in this exercise. Professor Morton has confirmed that work had also begun on the monograph British prosobranch molluscs, published by the Ray Society, co-authored by Dr Fretter.
On his arrival at Birkbeck in 1950, Morton found that the Zoology Department still existed in the war-ravaged makeshift quarters in Fetter Lane, chiefly in an underground basement on its old site, and 'in solitary dignity above ground level sat Graham in a single surviving room, almost like a large sentry box'. In 1951, the college moved to its new building in Malet Street, and Graham had the task of overseeing the removal of the department.
He was to enjoy the luxury of the new accommodation for no more than a year. Throughout the stressful background of the war and postwar period Graham watched the steady decline in his wife's health, which, consultants assured them, was due to 'nothing more than nerves' and 'not enough to occupy her mind'. Sadly, this was not so, and there were to be more wrong diagnoses and inappropriate advice before the true cause was established. The strain was beginning to take its toll on him, and he recognized reluctantly that a move out of London was imperative.
READING AND BATTLES OF ANOTHER KIND
Thus, Graham came to be appointed to the Chair of Zoology at Reading in 1952. He gained more than a stone in weight after the move, but it was soon lost. In Reading he was isolated from the academic contacts that he had valued in London, although much unobtrusive support came from Dr M.I. Crichton. The department, which had retained an emphasis on comparative anatomy (with the fine Cole Museum to support it), had stagnated for years, and was greatly in need of modernization. The task was all the more difficult under the scrutiny of the two previous heads of department, F.J. Cole, F.R.S., and C.H. O'Donoghue, and also Dr Nellie B. Eales (another malacologist). Sir James Holt described the state of affairs confronting Graham, in his history of the university (Holt 1977 ):
In some departments development came easily. In others it was more hazardous.… A. Graham joined such a department when he succeeded O'Donoghue as Professor of Zoology in 1952. He found his department short of necessary resources. It never bought anything it could collect or scrounge.… It struck Graham that students at Reading were learning the biology of pickled animals. Like many other new arrivals he marvelled at Reading's penny-pinching.… Again, like many, he noted an enclosed, self-satisfied atmosphere in the place. In the case of Zoology, however, all this was emphasized by the fact that the formidable figure of Cole overshadowed the Department from retirement, whilst within the Department Dr Nellie B. Eales acted as a guardian angel over all Cole's work. O'Donoghue had scarcely brought in any change; he had developed as an administrator and an entertaining raconteur in the Senior Common Room rather than as an active scientist. Graham now wanted change. Graham summarized his own impression of the attitude he found in Reading thus: 'The feeling of belonging could have led to the feeling that it was a good place to belong to. People felt that they didn't need to seek information elsewhere on how things might be done differently. ' Introducing change took much time, energy and tact. The chief technician at the time, F.C. Padley, commented, 'He had many ideas, but he introduced them very gradually, trying not to hurt anyone's feelings'. This did not avert trouble, however. When he rearranged material in the Zoology Museum, Cole complained to the Vice-Chancellor, Sir John (later Lord) Wolfenden, and the matter was put before the Council. It supported Graham and 'declined to limit or further define the departmental autonomy of the Professor of Zoology'. Wolfenden remarked tersely that 'Cole wanted a museum of a museum'.
Graham had discovered on his arrival that the departmental budget was a mere £600, approved without reference to him by the outgoing head of department. This had to be remedied before he could implement any changes. In 1955 Council awarded the department a 'supplementary vote of not more than £200', having taken note of the difficulty of maintaining the museum, and Holt reported in his account: He also had to consider the needs of other departments for a broader approach to his subject. In 1926 Professor Cole had shunned the ambitions of the Faculty of Agriculture to strengthen those areas (such as animal physiology and parasitology) that were particularly important for its students (Giles 2000) . It was nearly 30 years before it found a champion in Graham. He included in his quinquennial plans for 1957-62 a bid for a lectureship in agricultural zoology, as a step towards the creation of a department in that discipline. It took another 10 years before he had any success, when a second chair, in applied zoology, was established in 1967.
On the retirement of Dr Eales in 1954, Dr Fretter joined Graham in Reading and they resumed their collaboration on the Ray Society monograph, although its publication was delayed until 1962 (7) by all the other demands on Graham's time and energy. Visits to Plymouth in September and departmental field courses on the Gower Peninsula were welcome breaks, as well as being opportunities to do some bench work. Despite the enormity of this task, especially given the home circumstances and worries about his own health, Graham remained for the most part, outwardly as composed as ever though the strain on him was evident (figure 3), and Dr Fretter's cheerful nature did much to raise his spirits. He was also President of the Malacological Society of London from 1954 to 1957.
The 1960s were not kind to Graham. In 1960, when the department (figure 4) was on the threshold of expansion, Gwynneth took to her bed and was to remain there until her death 16 years later. This restricted his activities and contributed to the fact that whereas his work was well known internationally, he was not. His attendance at scientific meetings and conferences was limited to those close to home. A heavy administrative load compounded the stress. He was Dean of the Faculty of Science from 1960 to 1963, when the university was developing its new site at Whiteknights. Professor C. Tyler (physiology and biochemistry) and he were responsible for overseeing the planning of a new building for their rapidly expanding departments. It was subjected to cuts in the budget and scaled down in size before its completion in 1971. The university had also recognized Graham's skill and diplomacy in handling many difficult administrative situations, and he was appointed Deputy Vice-Chancellor in 1964. He was so well respected that he was pressed to continue for a second term, until 1968, in this turbulent period of university history.
Despite this, Graham's interest in his staff and students never waned. He maintained an 'open door' policy and people readily turned to him for advice or help. Dr Louise Muntz wrote of him: 'He was someone for whom I had enormous respect and affection-whom I regarded almost as a father-figure and mentor. It was always a great comfort to me to know that he was available for sound advice.' Professor A.D. Berrie recalled that discussions were often lightened by Graham's anecdotes about his earlier career, laced with dry humour. Mr E. Snowden, the laboratory superintendent of the Zoology Department for many years, greatly valued Graham's even-handed treatment of his staff, and said of his boss: 'He was a man I admired more than any other working colleague. He had an austere manner and habits that tended to keep people at a respectful distance-a source of objectivity and calm in a rather emotional working community, though he could occasionally explode.' It took a fairly major misdeed to incur his wrath, such as the occasion, recalled by Dr A.J. Forester, when students defaced the parapet of the new 'PBZ' building with the slogan 'F--EXAMS', which prompted him to parade the corridors bellowing 'somebody has painted 'f--exams on the roof!' Dr Forester remarked: 'He was distraught but I doubt the shock to his system was anything like that experienced by the denizens of the department hearing Prof. Graham-of all people-shouting the F-word at the top of his voice'. Over 45 years E.B.A. never heard him utter such a word (which was to him an abuse of the English language). Graham had found it hard to adapt to the immaturity of most Reading students, fresh from school, after the more disciplined and dedicated attitude of Birkbeck students. He continued to give all first-year lectures and demonstrated (in inquisitorial style) in practical classes, so that he became familiar with his students, soon knowing them all by name. He introduced options for the 'special honours' students, and was much involved in their teaching, and he also contributed to the general degree courses. There was by that time a steady flow of research students working on molluscs, the supervision of whom Graham took seriously. He took them painstakingly through all stages of research, from planning to publication, drawing responses out of them by patiently probing and pointing out inadequacies. He paid much attention to writing. Andrew Forester cited an example from his own experience when he wrote in a draft of his thesis, 'The tissue was everted over a blunt-ended perspex rod'. Graham asked, 'Where else could a rod be blunt except at the end?' He treated commitments such as external examining, which he regarded as a necessary duty, just as conscientiously. Graham also took on the editorship (1969-86) of the Proceedings of the Malacological Society of London (which he transformed into the Journal of Molluscan Studies). It proved to be a much more onerous task than expected when the Society nearly went bankrupt (Andrews 2001) . He brought his own rigorous standards to the journal and broadened its scope, giving it international appeal.
Somehow he managed to continue with the sort of research that he could pick up at odd moments and in the summer vacations. He returned to his interest in the detailed anatomy and operation of the buccal mass (odontophore) of two markedly different subjects, Patella, which feeds by rasping algal sporelings off the surface of the rocks on which it lives, and Ianthina, the pelagic violet-snail, which swallows its coelenterate prey whole. There was also a welcome opportunity for Graham to pursue his interest in the fore-gut of neogastropods with specimens of minute marginellids and cancellariids, then of unknown feeding habits, from muddy habitats in the Gulf of Guinea. He found in them departures from the typical stenoglossan condition that threw light on the evolution of specialized feeding mechanisms in neogastropods. In addition, he undertook other, less time-consuming, investigations of various aspects of the anatomy of prosobranchs that could be fitted in to his busy schedule. He then started work on the first edition of British prosobranchs for the second series of the Linnean Society's Synopses of the British fauna (10) and committed himself to write a textbook with Dr Fretter on invertebrate functional anatomy (12) , again lavishly illustrated with their own drawings. It was intended to meet the requirements of the courses on invertebrates, now shorter than those of the past. Unfortunately, the print run was short, and although popular with students it was never reprinted. Dr Fretter's retirement in 1970 prompted some appraisal of her role in their long association. Her extrovert personality contrasted so markedly with Graham's that it created something of a false impression in the minds of those who did not see them working together. Mr Snowden remarked, 'He was the boss, there was no doubt about that, and she the adjutant-a powerful combination'. Dr Forester confirmed this in his recollections: 'It was the ebullient Dr Fretter who would pop up at conferences and became better known than the rather reserved, shy Prof. Graham, but on the few occasions I saw disagreement between them, Prof. Graham quietly, expeditiously and authoritatively settled the matter to his own satisfaction'. She was a competent and conscientious teacher, with a host of strong qualities and academic virtues, and many will remember her kindness, but she eschewed administration, which she regarded as erosion of research time.
This attitude has a bearing on another aspect of her relationship with Graham and other colleagues, addressed by Morton: Dr Fretter's loyalty to Graham was continuous and deeply genuine, and one of her driving motives. It was displayed in a fiercely protective attitude towards him, arising from a resentment of what she saw as Graham's virtual deprivation of research time. Their interaction was a common mid-century academic phenomenon between an able and active woman reader, seldom to reach the professoriate, supporting the head of department (also demonstrated by the Cole-Eales partnership at Reading), accentuated here by the personalities of Fretter and Graham. He had a first loyalty to duty, which he held to the extent that he was prepared to sacrifice not only intellectual and research interests, but personal as well. He was prepared to put others before himself in a way whose genuineness I have never doubted-though it was perhaps academically unusual.
Graham relinquished the chair two years later. During his 20 years in the department he oversaw its transformation from six academic staff, five final-year students and no postgrad-uates, into a dynamic organization with 18 academic staff, 40 or so final-year students, 25 internal and as many extramural postgraduates.
RETIREMENT AND MORE ZOOLOGY On Graham's official retirement in 1972, his colleagues and former students expressed their gratitude and affection for him with the gift of a piano, which he played in every spare moment. He was offered space to work in the department, which he gratefully accepted, but, always considerate of others, he kept within his territory for fear of embarrassing his successor. In reality he did not give up until 1993, when a misdiagnosis led to uraemia, damaging the retina of both eyes. He was never able to fulfil his desire to return to experimental investigations. After a comparison of the buccal mass of prosobranchs and chitons, the last of his many papers on the molluscan gut, his later work was, by force of circumstance, almost entirely descriptive and taxonomic but of lasting importance. A second, much larger edition of Molluscs: prosobranch and pyramidellid gastropods in Synopses of the British fauna (23) included much on the general biology and ecology of prosobranchs, as did the nine supplements to the Journal of Molluscan Studies on the prosobranchs of Britain and Denmark (13-16, 18-22), on which he worked in parallel.* Dr Fretter shared authorship of the supplements. However, by this time she was making many trips abroad and was involved with studies on rift limpets, which limited her collaboration with Graham, in particular on the revised edition of the Ray Society monograph (24), published after her death in 1992.
Graham's last years were marred by the deterioration in his sight, which he accepted without complaint. When he could no longer play his beloved piano he sought pleasure in listening to music or in his wife's reading to him, and his activities were gardening and walking in the company of their little dog. He retained his clarity of mind until his final illness, when in December 2000 he succumbed to an infection after the benign regrowth of the prostate, having shown himself to be 'a model patient'.
Graham was quick in all his movements; by contrast, his comments were measured and his conclusions have stood the test of time. It was therefore sad that, with the exception of his membership of the councils of the Marine Biological Association and British Library, he did not figure on national committees, for those who knew him recognized that his opinions were ever sound. However, these are transient matters compared with the legacy of his researches and those of his students and close colleagues. His influence extended to yet another generation of students through his second wife (E.B.A.), first at Bedford College, then after the merger of the Colleges, at Royal Holloway, which returned to bring interest to his later years. She was privileged to have shared his enthusiasm for his subject since coming to Reading as an undergraduate in 1955 and becoming his research student.
Probably owing to a combination of his retiring nature and the many constraints on his research activities at a critical time, full recognition of his scientific brilliance, already evident in his early work, came late. It was not until the age of 73 that he was elected to the Fellowship of The Royal Society, although he was first nominated in the early 1950s.
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Biographical Memoirs * Graham also wrote a tenth part in the series of supplements to the Journal of Molluscan Studies including addenda, corrigenda, a general key and indexes, which he completed in 1986. However, although he amended the final proofs, they, together with related documents and disks, went missing and were only uncovered in 1992. These proofs are now held by The Royal Society.
THE SCIENCE: AN OVERVIEW
Graham's standing in his research field should properly be assessed primarily in relation to two eminent figures in his peer group: Sir Maurice Yonge and Vera Fretter. His interaction with Yonge was for the most part at a distance, and originates in their common introduction to zoology under the direction of Ashworth at Edinburgh, although separated by seven years. It is fascinating that Ashworth, whose forte was polychaetes, produced two malacologists who were to dominate the science for some 60 years. Both also acknowledged the influence of Orton, who, although never lauded to the extent that was justified, really initiated studies on the functional morphology of marine invertebrates. But it was Graham and Yonge who took the science to the limits of its evolutionary significance for molluscs. Graham's early studies on bivalves rank with the best of their kind; in particular those on the stomach, and on the morphology of tellinids, remain much-quoted landmark observations. Yet he was to take the dominant role in unravelling the workings of gastropods, whereas Yonge continued with the bivalves. It was, according to Yonge (obviously unaware of Ashworth's advice to Graham), in conversation with one of us (J.A.A.), quite unplanned. Indeed, both strayed at times into what might be regarded as the other's territory, and both Morton and J.A.A. are aware that Yonge had encouraged Graham to follow his own shorter papers on ciliary-feeding prosobranchs with a detailed study of Turritella (1). Nor did they restrict their students to any class of mollusc (the subject of Professor A.S.M. Saleuddin's postgraduate research at Reading was the bivalve Astarte, for example). Both were knowledgeable about the whole phylum. Apart from their personalities, a striking difference between the two was Graham's exceptional artistic skill. He produced exquisite drawings, whereas those of Yonge were never more than sound workmanship. Graham experimented with illustration, including scraper-board, but his favourite medium was dot and line, and it is doubtful whether anyone has bettered his craft (figure 5). The lives of the two men had some striking parallels. Both were to lose their first wives in circumstances that deflected the course of their careers, and both had happy second marriages; however, Graham, the more severely constrained and shy, did not travel and expand his horizons in the way that Yonge did. Graham was persuaded to go abroad, on zoological matters, only twice. He had perhaps the more considered approach to his science, but between them these two men secured the foundation of the form, function and evolution of two major groups of molluscs. Their work has formed the basis for biochemical studies on speciation, evolution and applied aspects. The first report, in 1970, of an abnormality of the female genital duct (imposex) in dogwhelks in the UK was by Blaber, then a postgraduate student of Graham's at Reading. Another of Graham's students, Blakeman Smith, had earlier observed (and named) this phenomenon in a related genus near marinas in Long Island Sound, and it soon became obvious that it was widespread. It was shown to be induced by tributyltin from anti-fouling paints, and legislation was subsequently introduced to debar the use of such paints on all except naval vessels.
Graham's collaboration with Vera Fretter was witnessed by Morton over a decade. He reported, in a personal communication to E.B.A., that Graham was widely looked on at the time as 'the leader, with the real originating achievements. Fretter was fairly to be seen as a highly energetic and finely productive collaborator.' He went on to remark:
In a modern treatment of the prosobranchs Graham was uttering many of the 'first words', moving to a new understanding of a whole group in its radiation and evolutionary progresssion. Fretter must draw credit for a large number of detailed studies of particular gastropods, larvae, and the reproductive system. Of their joint Undoubtedly, the body of original work that he and Dr Fretter incorporated in the Ray Society monograph was the biggest single contribution. It was, in addition, a synthesis of their own papers and those of other malacologists. The authors were responsible for nearly all the illustrations. Dr Fretter drew the 'whole animals', and Graham most of the dissections and histological preparations. She concentrated on the reproductive system, larvae and shore ecology, and he on other aspects. It was widely acclaimed and soon reprinted. Morton has assessed it thus:
I would hold it as unsurpassed in its century as a survey of any class or major subdivision, one of the half dozen or so greatest works on functional morphology that the twentieth century was to produce. It has a fine zoological judgement and literary style. Of Graham's seniority of credit for the volume I would feel confident. This was in preparation right through the 1950s, including my time at Birkbeck. Like many people, Morton was well aware of the high regard in which Dr Fretter held Graham as a scientist, and he has reflected that she would at once have acknowledged Graham's inspired contribution to the work. Tribute must be paid to her single-minded determination in helping Graham to drive forward its completion at a time when he had to bear many other relentless pressures and worries (witnessed by E.B.A.). It stood as the definitive single-volume reference book on the group for more than 30 years until the second edition, extensively revised-largely by Graham-appeared in 1994 (unfortunately without his final proof corrections). This was Graham's final project, in which he showed continuing command of his subject at the age of 88.
The most significant of Graham's individual research achievements were his detailed analyses of the structure and function of the gut, not only of prosobranchs but also of opisthobranchs and bivalves. Graham was more than a meticulous observer and reporter. His outstanding powers of observation and artistic ability enabled him to portray his subjects vividly, and his insight unmasked the functional significance. These qualities were particularly valuable in understanding the great complexities of the anatomy of the gastropods consequent on torsion and de-torsion. He recognized the far-reaching implications of this process on the phylogeny of the gastropods. The repercussions were much more than the protection that Walter Garstang brilliantly described when he wrote 'The ballad of the veliger or how the gastropod got its twist' (Garstang 1929) . Graham saw the benefits of torsion to the adult, enhancing the potential of the animals to diversify, to invade the widest variety of ecological niches and to exploit such a range of foods, so that the gastropods became the second biggest class of the animal kingdom. As Garstang had shown, the anterior position of the mantle cavity allowed protection of the now extensible head. Cephalic sense organs were elaborated, and the radula on its odontophore became the main feeding organ. Graham's papers on this buccal apparatus in chitons and prosobranchs (8, 9, 11) were a major contribution to the understanding of its construction and operation in different groups. In his inaugural lecture (2) and in a later symposium (17) he described the consequences of torsion in evolutionary terms involving not only diverse adaptations of the radula but also the interplay between the dual role of the mantle cavity as a respiratory chamber and cloaca. These incompatibilities of function are an important key to understanding the evolution of form in gastropods, brilliantly expounded in British prosobranch molluscs. Similarly, his work on the highly complex molluscan stomach (3) laid down the foundations on which future work on its structure, functioning and adaptations was to depend. Morton remarked, 'I believe that in spite of the later meticulous work of Purchon and Owen on bivalves, it was Graham who went furthest in bringing forward the first explanation of the molluscs' most intricate piece of engineering'. His researches led him into every aspect of the biology of the group, about which he acquired an encyclopaedic knowledge.
THE PUBLIC IMAGE AND THE PRIVATE MAN
The circumstances of Graham's life did little to modify his character and personality, captured in this appraisal by Morton:
He was a man of classical breadth and wide range of scholarly interests, with the dignity and precision we think of in the highly educated Scottish race, emphasized by the beauty of his unmistakable Edinburgh accent. He remained quiet and socially shy, seldom at his best in social events where-he once observed-they served 'sherry wine'. His manner was careful, traditional and correct, with a formality that was even half a century ago old-fashioned. He was generous and self-denying, but at the same time many thought him cool and withholding. He had a firmness necessary to his role, and on few occasions, hard to forget, he could break in to argue with a mounting sternness.
Graham wrote of himself:
When I first went to school 87 years ago it was a very formal time, so I became a rather formal person. There was no pseudo-equality such as has become so prevalent now, in the instant use of first names. When I worked with girls for the first time at University they were invariably addressed as 'Miss So-and-So', a habit so ingrained that I kept it up until my retirement. I called Dr Fretter by that name until the day of her death, and I referred to Gwynneth as 'Miss Hayes' until a few weeks before our marriage.
Graham was a man of the highest integrity and loyalty, qualities he expected in others, and though perceptive he could initially be deceived and hurt by those more devious. He was a scrupulously fair, modest and intensely private man with great reserves of will power and selfcontrol. These traits often disguised the depth of his warmth and sensitivity that emerged when he relaxed and the taciturn manner lifted. Home life was enriched by his love of beauty in many forms, both scholarly and artistic, and by his delight in simple pleasures. He was a wonderful husband with a gentle nature, and his wife enjoyed his unfailing support in every respect. With the same vivid imagery that he brought to his science, he recounted to her a wealth of tales of his early life and the characters that inhabited it, which form the basis of this memoir. Elected to the Fellowship of The Royal Society
